Abstract: A questionnaire survey was undertaken to identify the current status of respirator usage in manufacturing work environments subject to gas/vapor chemicals exposure in Korea and to suggest improvements to enhance the effectiveness of respirator usage. The number of target companies included 17 big companies, 110 small & mid-size companies, and 5 foreign companies, and the number of respondents included 601 workers and 69 persons in charge of respirators (PCR). The results explained clearly that respirator programs in practice were extremely poor in small & mid-sized companies. The findings indicated that the selection of respirators was not appropriate. Quarter mask including filtering facepiece was the most common facepiece form for respirator and was worn by sixty-four percent. Not a little proportion of respondents (33%) complained about the fit: faceseal leakage between the face and facepiece. A filtering facepiece with carbon fiber filter was used as a substitution for a gas/vapor respirator. Another result was that the PCR respondents' perception of the administration of respirators was very low. The results of this survey suggest that regal enforcement of respiratory protection programs should be established in Korea. On the basis of these findings, respiratory protection programs should include respirator selection, maintenance, training, and fit testing.
Introduction
In a workplace where effective environmental controls are not feasible, a proper respirator must be used to protect workers from a wide variety of contaminants. Improper use of a respirator can have devastating effects on the life or health of the wearer. For example, in a 12-yr period (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) there were 41 incidents resulting in 45 deaths due to asphyxiation or chemical poisoning while wearing an improper respirator in the United States 1) . It is thus essential that the proper respirator be used in contaminated workplaces. "Proper" respirator refers to an appropriate one that fully protects the worker from the hazards to which he may be exposed, as well as provides an adequate fit.
In 1992, a survey by self-administrated questionnaire on the use of respirators was undertaken in various industries in a provincial center in New Zealand 2) . Since in this research nearly half (49%) of the respondents indicated that they had received no advice on using, fitting, or maintaining a respirator, it was found that the management of respirators was a problem. There was a questionnaire survey on the use of dust respirators among lead workers in small scale companies in Japan 3) . This survey revealed that twenty-two percent of the workers wore unauthorized dust respirators and seventy-three percent used a knitcover, which seemed to deteriorate face-sealing. In 2001, a survey was undertaken among 40,002 private sector establishments in the United States to ensure that respirator programs adequately protected U.S. workers 4) . In this survey, the authors indicated that the chemicals and allied products manufacturing industry presented a higher potential for worker exposure, thus stimulating more thorough attention to respiratory protection 5) . A telephone survey was conducted to evaluate the inspection, cleaning, maintenance, and storage aspects of a respiratory protection program (RPP) and the authors indict-ed that there should be improvements in the RPP 6) .
In 1998, a study was undertaken to assess current status of respirator usage and to identify factors causing workers not to continuously wear respirators during work among 168 workers in the small-scale industries in Korea 7) . But this study was limited to small-scale industries and a small number of workers. There need more adequate data that provide information on the current status of respirator usage in workplaces where chemicals are emitted, such as gas/vapors, in Korea or elsewhere to protect workers' health. The present study was conducted to identify the current status of respirator usage in environments subject to gas/vapor type chemical exposure in manufacturing workplaces and to suggest improvements to enhance the effectiveness of respirator usage.
Subjects and Methods
Because in Korea administrative control system of industrial hygiene is a little different with company size and investment style, for example, multinational (foreign) company, respirator management is likely a little different. The subject companies were therefore classified into three groups, small & mid-size, big companies (in general based on 1,000 or more employees), and foreign companies in Korea. All of the companies were located in Youngnam and the Gyeongin area, in which there are many manufacturing factories. No special attempt was made to select random samples. The scope of the present study was limited to workplaces that emitted vaporous chemicals, such as paint manufacturing, painting or paint spraying in a shipyard, plating, printing, and so on, where employees were likely to use air purifying gas/vapor respirator or combination gas/vapor & particulate respirator because of the nature of their jobs. Since the objective of the present study was to evaluate the current status of respirator usage in airborne chemicals, workplaces where employees needed to use particulate respirators including filtering facepiece, were excluded. The target companies measured airborne hazardous chemicals at least once a year according to the Korean Occupational Safety and Health Act 8) .
Two types of questionnaires were used. One type was for workers and the other was for the person in charge of respirators (PCR), either an industry hygienist or safety professional. The questionnaire for the workers consisted of 28 items and another questionnaire for the PCR consisted of 20 items. The only important items of them were included in this article. After visiting the subject companies, trained investigators distributed the questionnaires to the workers without any prior communication with the health supervisors. After questionnaires were completed and checked by investigators on site, they were returned to the author either directly or by mail. Table 1 shows the whole scheme of this survey study. The number of target companies included 17 big companies, 110 small & mid-size companies, and 5 foreign companies, and the number of respondents included 601 workers and 69 PCRs, for a total of 670. The survey was undertaken during the period from June to September of 2007. The information gathered has been summarized to keep company names confidential. The data were coded and statistical analyses were performed using the Statistical Analysis System (SAS Institute, Inc., North Carolina, USA). Simple frequency analyses and cross analyses were undertaken on the data.
Results

Workers
The questionnaire for workers consisted of 28 items, but only some items were important enough to be included in the present article. Table 2 shows the general characteristics of worker respondents and the types of workers' jobs. The majority of the respondents were male (91%). A large number of them worked in spray painting (43%), and chemicals related manufacturing (12%), such as paints, chemicals, lacquer, adhesives, plastic sheet, etc. coming in second. The results indicated that because respondents were exposed to vapors and mists, they needed to wear gas/vapor respirators or combination gas/vapor & particulate respirators during working hours. By measurements in the work environments (not explained in this article), it was actually found that they had been generally exposed to a wide variety of organic solvents, such as xylene, toluene, DMF, MEK, and MIBK, along with some heavy metals. The first part of the questionnaire requested information about respirators and chemical exposure ( Table 3 ). The majority of the respondents could distinguish between gas/vapor respirators and particulate respirators, but fourteen percent of the respondents in the small & mid-size companies reported they could still not distinguish, which was statistically significant among companies (p<0.0001). More than ninety percent of all respondents reported that they had to wear gas/vapor respirators because of airborne chemicals. More than eighty percent of the wearers respectively in big and foreign companies knew what chemicals they were exposed to, but twenty-eight percent of the wearers in small & mid-sized companies did not know what chemicals they were exposed to.
The second part of the survey included the current status of respirator usage (Table 4) . Most of the respondents in big and foreign companies wore a respirator when exposed to chemicals in the air, but seventeen percent of the workers in small & mid-sized companies did not wear a respirator. The main reasons for not wearing a respirator were sweating (27%), thermal stress and humidity inside (18%), pain on the face or head (15%), difficulty in breathing (15%), marks on face after taking it off (13%), etc. The most common kind of respirator (59%) worn was gas/vapor respirator. Particulate respirator (only filtering facepiece) (18%), combination gas/vapor & particulate respirator (17%) and filtering facepiece with carbon fiber filter (4%) accounted for the remainder. Even though particulate respirator and filtering facepiece with carbon fiber filter are not appropriate for airborne chemicals, considerable percentages of workers (24%) have worn them. The most common type of respirator facepiece worn regardless of kind of respirator was quarter (42%), which has the lowest assigned protection factor (APF) of 5 according to OSHA 9) . Ninety percent of all users state that they replaced chemical cartridges freely anytime when smelling a chemical, which implies that most of the companies supply chemical cartridges without imposing limits. Table 4 -6 shows that the most frequent response regarding the replacement time for chemical cartridges overall was twice a day (23%). The exchange frequency overall was: once a day (15%), once every 2-3 d (11%), once every 4-5 d (2%), and once from a week to 3 months (36%). In the case of big companies, forty-five percent of all wearers replaced chemical cartridges twice a day. When the respondents were asked 2% (4) 86% (303) 14% (49) 94% (48) 6% (3) 90% (545) 10% ( 19% (38) 72% (253) 28% (99) 82% (42) 18% (9) 76% (455) 24% (146) p=0.0645 100% (601) 2% (4) 83% (292) 17% (60) 94% (48) 6% (3) 89% (534) 11% (67 11% (22) 16% (31) 6% (12) 2% (4) 57% (201) 21% (74) 16% (55) 3% (11) 3% (11) 47% (24) 24% (12) 29% (15) 0% (0) 0% (0) 59% (354) 18% (108) 17% (101) 4% ( 13% (26) 9% (18) 30% (59) 2% (4) 40% (141) 27% (95) 10% (35) 20% (70) 3% (11) 33% (17) 41% (21) 20% (10) 6% (3) 0% (0) 42% (250) 23% (142) 11% (63) 22% ( 4% (8) 4% (8) 87% (307) 10% (35) 3% (10) 89% (45) 7% (4) 4% (2) 90% (534) 8% (47) 2% (20) p=0.2909 100% (601) about the fit between their face and the facepiece of the respirator, sixty-seven percent of the wearers answered that they felt it was well-fitting. But the remainder indicated that the facepieces of respirators did not fit well on their faces and that they felt faceseal leakage. Also included in the third part of the survey were maintenance and training. Forty-eight percent of the respirators were reported to be cleaned and sanitized (Table 5 ). There was a significant difference statistically among types of companies in cleaning and sanitizing and whether to use disinfectants while cleaning. Respirators in small & mid-sized companies were cleaned and sanitized least frequently among the three types of companies. Seventysix percent of the respirators had independent special storage areas, but the remainder did not have special storage areas. Sixty-one percent of the respirators were stored in special confined storage areas, including a cabinet, can, bag within lockers, etc. Five percent of the respirators were left alone in a workstation. Only sixty-four percent of all users reported that they had been trained about respirator usage and there was a statistically significant difference in the training given among companies. Table 6 shows the general characteristics of PCR respondents. They consisted of eighty-eight percent male and twelve percent female. The largest percentage of academic careers was undergraduate (42%), followed by twoyear college and high school. When the respondents were asked whether the management of respirators was their own duty, only seventy-five percent of the respondents said "yes." The remainders were likely to be not responsible for the activity of managing respirators (25%), with an especially high percentage of twenty-eight percent in small & mid-sized companies. Thirty percent reported they had never been trained or educated about respirator usage, in particular a large percentage (36%) in small & mid-sized companies, which should cause a lot of misuses of respirators and could lead to a lot of health problems for workers. Table 7 shows the PCR respondents' knowledge related to respirators and the current status of respirators in practice. Thirty-four percent indicated that they were not able to distinguish gas/vapor from particulate matter. In particular, nearly half (46%) in small & mid-sized companies responded negatively, which differed significantly from the percentage of the responses in the other types of companies (p=0.0104). Also, seventeen percent in small & mid-sized companies reported that they did not know what kinds of chemicals were emitted in their workplaces. Consequently twelve percent of those did not understand the harmful effects of the chemicals that they were exposed to in their workplaces. Forty-one percent of those did not even understand a guide to selecting a proper respirator. In comparison, all of the PCRs in big and foreign companies responded that they knew the physiochemical characteristics and the effects of chemicals that they were exposed to in their workplaces, and all of those in big companies reported that they knew how to select a proper respirator. Twelve percent in big companies and twenty-one percent in small & mid-sized companies stated that they did not teach respirator usage to their workers. A large percentage in small & mid-sized companies (78%) and nineteen percent in big companies responded that they did not know what factors influenced the service life of a chemical cartridge.
PCRs
Another part of the survey included a question about any person or department that influenced the selection and (18) 2% (4) 8% (16) 7% (14) 7% (14) 5% (10) 7% (25) 14% (49) 14% (49) 3% (11) 16% (56) 15% (53) 15% (53) 16% (56) 19% (10) 14% (7) 2% (1) 2% (1) 7% (4) 19% (10) 12% (6) 24% (12) 23% (124) 15% (89) 11% (68) 2% (16) 12% (76) 12% (77) 12% (73) 13% (78) p<0.0001
100% (601) 7. What about fitting?
Feels well-fitting
Does not feel well-fitting
Seems to have faceseal leakage even if it feels well-fitting 66% (131) 5% (10) 29% (57) 64% (225) 9% (32) 27% (95) 84% (43) 4% (2) 11% (6) 67% (399) 7% (44) 26% (158) p=0.0646 100% (601) purchasing of respirators and chemical cartridges.
Respondents cited a variety of persons or agents: Industrial hygienist (21%), safety professional (32%), purchasing agent (28%), union (6%), and CEO (7%). It was found that the unions of big companies (24%) were very much involved in selecting and purchasing respirators and chemical cartridges. Performance (21%) and cost (18%) were not as important as expected in choosing respirators and chemical cartridges.
Discussion and Conclusions
Since this article seems to be the first study in Korea to survey the current status of the use of air-purifying gas/vapor respirators, the results provide a lot of useful information related to these respirators. While there are many regulations related to industrial hygiene, i.e. exposure and assessment in work environments, occupational health examination, etc. in Korea, there is a lack of compulsory regulations for respiratory protection programs. Consequently, this study put emphasis on finding general evidence, rather than details about gas/vapor respirators.
The survey questions were completed personally on site by workers whom the investigators thought should be required to wear respirators. The investigators explained in detail any questions that seemed confusing to the workers or PCRs.
The results explained clearly that in practice respirator programs in the workplace were extremely poor in small & mid-sized companies. First of all, the respondents' knowledge of the health effects of exposure to airborne chemicals was relatively low and they were even indifferent to the chemicals to which they were exposed. It was very significant problem that forty-six percent of the PCR respondents in small & mid-sized companies were not able to distinguish gas/vapor from particulate matter in their workplaces (Table 7- 36% (71) 37% (130) 63% (222) 48% (24) 52% (27) 48% (281) 52% (320) p<0.0001 100% (601) 2. Have you used alcohol for disinfection or sanitizer (including UV) during cleaning if you clean a respirator?
Yes No 60% (119) 40% (79) 33% (116) 67% (236) 42% (21) 58% (30) 42% (256) 58% (345) p<0.0001 100% (601) 3. Do you have an independent storage for respirators?
Yes No 80% (158) 20% (40) 72% (253) 28% (99) 84% (43) 16% (8) 76% (454) 24% (147) p=0.0511 100% (601) 4. How are usually respirators stored?
In special confined storage (cabinet, can, bag within locker etc.)
In open storage (clothing locker, drawer, locker etc.)
In workstation 56% (111) 36% (71) 8% (16) 60% (211) 35% (123) 5% (18) 83% (42) 17% (9) 0% (0) 61% (364) 34% (203) 5% ( 18% (3) 72% (34) 28% (13) 80% (4) 20% (1) 75% (52) 25% (17) p=0.6919 100% (69) 4. Have you been trained on the use of respirators?
Yes No 82% (14) 18% (3) 64% (30) 36% (17) 80% (4) 20% (1) 70% (48) 30% (21) p=0.3166 100% (69) 0% (0) 83% (39) 17% (8) 100% (5) 0% (0) 88% (61) 12% (8) p=0.0104 100% (69) 3. Do you know how harmful these chemicals are to workers if you know what chemicals you are exposed to?
Yes No 100% (17) 0% (0) 88% (41) 12% (6) 100% (5) 0% (0) 95% (63) 5% (6) p=0.4107 100% (69) 4. Do you know how to select a proper respirator?
0% (0) 59% (28) 41% (19) 80% (4) 20% (1) 71% (49) 29% (20) p=0.0074 100% (69) those did not even know what chemicals they were exposed to (Table 7 -2) . Distinguishing between gas/vapor and particulate matter should be primarily considered in the selection of air-purifying respirators under neither oxygen deficiency nor IDLH 10, 11) . Even if a third person, such as a health supervisor, helps an employee in a small or mid-sized company to select a proper respirator according to the Korean Occupational Safety and Health Act 8) , the PCR should at least know the nature of the hazards in order to protect the worker's health. The findings of this survey indicated that the selection of respirators was not appropriate. Quarter type facepiece including filtering facepiece, which has the lowest APF of 5 according to OSHA 9) , was the most common facepiece form for respirators (64%) ( Table 4 -4) . Compared with the type of job requiring a combination gas/vapor & particulate respirator (43%), i.e. spray painting (Table 2 -2), the proportion wearing this type was no more than seventeen percent (Table 4-3) . Essentially, a larger percentage should have worn this type of respirator. Another problem was that filtering facepiece with carbon fiber filter ( Fig. 1) was worn as substitutes for gas/vapor respirator, even though this was a small proportion of four percent (Table 4-3) . Even if the respirator manufacturer presumes that this type of disposable respirator may be used in airborne chemicals because of the carbon fiber's adsorptivity of organic chemicals, it should never be worn as a surrogate for a gas/vapor respirator. 19% (3) 22% (10) 78% (37) 100% (5) 0% (0) 45% (29) 55% ( 24% (4) 18% (3) 24% (4) 0% (0) 6% (1) 16% (8) 36% (17) 34% (16) 0% (0) 9% (4) 7% (3) 40% (2) 40% (2) 20% (1) 0%
20% (1) 20% (1) 21% (15) 32% (23) 28% (20) 6% (4) 7% (5) 7% (5) p=0.0410 100% (72) 8. How do you go about making the decision to purchase respirators (multiple responses are possible)?
21% (15) Performance 18% (13) Cost 18% (13) Name value of vendor 18% (13) Worker preference 10% (7) Design of respirator 8% (6) Direction by CEO 5% (4) Pressure of union Manufacturers presume that since carbon fibers adsorb airborne chemicals, this mask can be used as a substitution for a gas/vapor respirator, but this mask should not be used for that purpose such as purifying high concentration of airborne chemicals.
Not a little proportion of respondents (33%) complained about the fit: faceseal leakage between the face and facepiece (Table 4-7) . Wearing a poorly fitting respirator may be more dangerous than not wearing a respirator at all. The worker may think he is protected, while in reality he is not. Fit testing was thus established by law in some countries, for example, in the United Sates 12) , but not in many countries, including Korea. Even if it is not compulsory by law, simpler and cheaper qualitative fit tests (QLFT) rather than quantitative fit tests (QNFT) 13) should be performed on site in the workplace.
Respirators should be cleaned and sanitized regularly to ensure proper protection for the wearer. But fifty-two percent of the respondent workers reported they had not cleaned and sanitized respirators, particularly a high proportion of the respondent workers (63%) in small & midsized companies (Table 5-1) . Twenty-four percent of all users did not have an independent storage area to store the respirator (Table 5-3) . As a result, quite a large proportion of the wearers paid little attention to managing respirators.
It was found that the PCR respondents' perception of the administration of respirators was very low. Twentynine percent of those responding indicated that they did not know how to select a proper respirator 10) , in particular, forty-one percent in small & mid-sized companies (Table 7-4) , and seventeen percent of all responding replied that they had not taught employees about the use of respirators (Table 7-5 ). According to the Korean Occupational Safety and Health Act 8) , an employer has to teach "industrial safety and health" to employees for two hours a month. In spite of the law, a large proportion of the PCRs did not train the workers about how to select a proper respirator and how to wear it properly.
One of the factors that influenced the selection and purchasing of respirators and chemical cartridges was the power of the union. Some of the unions in big companies (24%) exercised their influence over purchasing respirators and chemical cartridges (Table 7-7) . In these cases, the expert knowledge of the PCRs could not play an important role in purchasing them.
The results of this survey suggest that legal enforcement of respiratory protection programs should be established in Korea. On the basis of these findings, respiratory protection programs should include respirator selection, maintenance, training, and fit testing. If an employer simply purchases respirators and distributes them to employees without a precise respiratory protection program, the result will be only a little or no protection for the respirator wearer.
